The biodegradation of 4-chlorobiphenyl usually proceeds through the intermediate 4-chlorobenzoate. Few bacterial strains can degrade 4-chlorobiphenyl to 4-chlorobenzoate and 4-chlorobenzoate to CO2. This study demonstrates that the 4-chlorobiphenyl-degrading Alcaligenes sp. strain ALP83 can degrade 4-chlorobenzoate to 4-hydroxybenzoate. The dehalogenase activity is correlated with a 10-kb fragment carried on plasmid pSS70.
The potential for polychlorinated biphenyl biodegradation is of environmental interest because of the toxicity and bioaccumulation of these compounds (7) . Biodegradation studies on 4-chlorobiphenyl (4CB), a model for polychlorinated biphenyl degradation, have focused mainly on the genes and enzymes that permit the degradation of 4CB to 4-chlorobenzoate (4CBA). Most biphenyl-and polychlorinated biphenyl-degrading strains accumulate the corresponding chlorobenzoic acids (4, 10, 13) without degrading the chlorobenzoate to CO2.
4CBA is oxidized to CQ2 via enzymatic reactions encoded by a set of genes that are distinct and separate from those involved in 4CB metabolism. Bacterial strains including Arthrobacter (9) , Acinetobacter (1), Alcaligenes (22, 23) , and Pseudomonas (14) spp. utilize 4CBA as a sole carbon and energy source. The first step in the aerobic metabolism of 4CBA is dehalogenation to 4-hydroxybenzoate (4HBA), which is further metabolized via the protocatechaute pathway (9, 13, 21) . The specificity of the dehalogenases varies among strains. Strain TM-1 dehalogenates 4-fluorobenzoate, 4CBA, and 4-bromobenzoate (9), whereas Alcaligenes denitrificans NBT-1 cannot dehalogenate 4-fluorobenzoate (22) . The genes for dehalogenation from Pseudomonas sp. strain 3CBS are chromosomally encoded and were localized to a 9.8-kb fragment (14) . Three polypeptide components of the 4CBA dehalogenase are contained in a 4.5-kb region of this fragment (3, 16) .
Natural (12) and constructed (1, 4, 20) consortia and pure cultures (18) have been reported to mineralize 4CB to CO2. Alcaligenes sp. strain A5(pSS50) was originally isolated as an organism capable of plasmid-mediated catabolism of 4CB to CO2 via the production of 4CBA (6, 18) . However, upon repeated subculturing, strain A5 lost the ability to mineralize 4CB to CO2 but retained the ability to produce the metabolite 4CBA. The loss in the ability to mineralize 4CB was associated with a change in plasmid size from 50 Mdal to 35 Mdal (2, 12) . Subsequently another 4CB-degrading bacterium, strain lCl, demonstrated metabolism of 4CB to CO2 (19) . Strain lCl had a plasmid (pSS60) that was very similar * Corresponding author.
to pSS50 with the exception of an additional 10 kb. Both plasmids pSS50 and pSS60 belong to incompatibility group P1, c subgroup (2) . The pSS50 plasmid backbone was completely characterized by hybridization with gene probes from the IncP plasmid RK2 (2) . The majority of pSS50 codes for replication and transfer functions. As in other IncP (3-catabolic plasmids such as pJP4 and BR60, the only region available for catabolic genes is in a restriction-rich region. This restriction-rich region is flanked by sequences with apparent symmetry (2) . The purpose of this research was to determine the function of this plasmid insert in pSS60. Another 4CB-degrading strain, ALP83, described in this report also contains a plasmid similar to pSS50 with an additional 13 kb. This plasmid was designated pSS70. In this report we present evidence that the extra DNA fragments found in plasmids pSS60 and pSS70 are important in 4CBA degradation, specifically in the dehalogenation step.
Alcaligenes sp. strains A5 and ALP83 were isolated simultaneously from 4CB enrichments of sediments contaminated with polychlorinated biphenyls as described previously (18) .
Strain ALP83 was capable of mineralizing 4CB to CO2
(unpublished results). The unidentified strain lCl was isolated from 4CB enrichments of lake water (12, 19) . These strains were grown in YEPG medium (15) Strain lCl contained plasmid pSS60, which hybridized to pSS50 from strain A5. Restriction digests (SphI) revealed that pSS60 is very similar to pSS50 except for a unique 7-kb fragment (2) (Fig. 1) . A 5-kb BamHI fragment was cloned from this 7-kb region into the BamHI-restricted, dephosphorylated pUC18 vector and transformed into competent DH5ao Escherichia coli cells (5) . This cloned fragment was designated B-3. Fragment B-3 was used as a gene probe to screen other bacteria isolated simultaneously with A5. The strain ALP83 was identified by positive colony hybridization with B-3.
When colonies from ALP83 were hybridized with pSS50 and fragment B-3, two types of colonies were detected: (i) those that probed positive with both pSS50 and B-3 and (ii) those that probed positive only with pSS50. This suggested that strain ALP83 contained an unstable plasmid. Individual colonies of strain ALP83 were obtained by selection of spontaneous mutants cultured on YEPG-rifampin (50 ,ug/ ml)-agar plates. Plasmid DNA from ALP83 rifampin mutants migrated as one or two bands after electrophoresis through an agarose gel (Fig. 2) . The higher band was designated as pSS70 and the lower band was designated as pSS65. In contrast, plasmid DNAs isolated from lCl and A5 migrated as single bands designated pSS60 and pSS50, respectively (Fig. 2) . Growth of Alcaligenes sp. strain ALP83 in minimal salts plus 4CB shifted the population to >90% without the 13.5-kb fragment. Restriction digests of pSS65 were identical to those of pSS50 (Fig. 2) . A deletion derivative was not obtained from plasmid pSS60 even when regions of pSS60 and pSS70.
strains were cultured at restrictive temperatures or in minimal salts with 4CB.
The restriction patterns and DNAs of plasmids pSS70 and pSS50 were similar. Plasmid pSS70 also contained a unique 10-kb region that did not hybridize to pSS50 but did hybridize to the 7-kb fragment of pSS60 (Fig. 1) . This 10-kb region was restricted into two BamHI fragments and subcloned into pUC18; pUC18 (B7d-21) contained the 7-kb fragment homologous to the unique 7-kb fragment from pSS60, and pUC18 (B7d-11) contained the remaining 3 kb of the unique 10-kb fragment in addition to 3.5 kb of the parent plasmid (Fig. 1) . The 3.0-kb BamHI-ClaI fragment of B7d-11 also crosshybridized with the 4.5-kb BglII-BamHI fragment in B7d-21. The presence of a 2.2-kb region containing the same restriction digest patterns as in pSS50 and pSS60 has been described previously (2, 6 Lanes: 1, AL3007(pSS70)(pSS65); 2, AL3018(pSS70)(pss65); 3, AL3019(pSS65); 4, AL3039(pSS70); 5, A5(pSS50) (51 kb); 6, 1C1(pSS60) (61 kb); 7, lambda (Hindlll digest). The sizes of pSS50 and pSS60 were determined previously by using restriction digestion (2) . (B) HindlIl digests of pSS50-type plasmids. Lanes: 1, 1-kb ladder; 2, lC1(pSS60); 3, AL3007(pSS70); 4, AL3019(pSS65); 5, A5(pSS50); 6, lambda (HindlIl digest).
Cells were killed at each time point by immersion into boiling H20 for 45 s. The chloride concentration was measured for each vial at the end of the experiment. The initial cell concentration for each sample was determined by dilution spread plating on YEPG agar plates. The percentage of colonies containing the unique insert was determined by colony hybridization with a gene probe consisting of the vector-free 5-kb BamHI fragment B-3. Filtered supernatants from cells grown in 4CBA were analyzed for the presence of 4CBA and 4HBA. Aqueous metabolites in 50-,u sample volumes were separated on a Supelcosil LC-18 column (Supelco, Bellefonte, Pa.) by eluting with a linear gradient (5% min-1; flow rate, 2 ml min-') from 100% water (pH 2.5) to 60% acetonitrile-40% water and held for 4 min. Detection was with a photodiode array detector (model LC-235; Perkin-Elmer Corp., Groton, Conn.) at a wavelength of 255 nm. The elution times of 4HBA and 4CBA were 8.5 and 13.5 min, respectively. The concentration of each metabolite was calculated by comparison of the peak area with that of a known standard.
Arthrobacter sp. strain TM-1 was used as a positive control that dechlorinated 4CBA without any accumulation of intermediates (Table 1) . Alcaligenes sp. strains A5(pSS50) and AL3019(pSS65) did not dechlorinate 4CBA. Alcaligenes sp. strain ALP83(pSS70) dechlorinated 48% of the 4CBA added, whereas only 38% of the population retained the 10-kb insert after incubation. In contrast, Alcaligenes sp. strain AL3007(pSS70) dechlorinated 100% of the 4CBA with accumulation of 4-hydroxybenzoate and the 10-kb fragment was retained in 100% of the population. Strain lCi dehalogenated 4CBA to 4HBA in batch cultures after 14 days (data not shown).
Strains ALP83 and lCi dechlorinated 4CBA to yield 4HBA, which is in agreement with the previously described 4CBA-degrading strain TM-1 (9) and Pseudomonas sp. strain CBS3 (14) . However, these strains differ from TM-1 in that 4CBA does not provide a good growth substrate. When ALP83 and lCi were grown in 4CBA, the cell number did not increase and 4HBA accumulated. The poor growth of these strains in 4CBA is probably due to the carbon source and not to another nutritional deficiency, because both ALP83 and lCi grow in minimal salts medium supplemented with 4CB. The loss of the 13.5-kb fragment from ALP83 was correlated with the loss of dechlorination activity, and the resulting plasmid was the same as the pSS50 found in A5, which could not dechlorinate 4CBA. This fragment did not cross-hybridize with strain TM-1.
The ability of E. coli and Pseudomonas aeruginosa cells containing the cloned 7.0-kb BamHI fragment from pSS70 to dehalogenate 4CBA was examined. When the pUC18 7.0-kb 
